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i APPLICATIONS OF PO>SIBILITY THEORY
f TO OCEAN SURVEILLANCE
CORRELATIGN (U)

(THIS PAPER ISUNCLASSIFIED)
. I. R. Goodman

Naval Ocean Systems Center

ABSTRACT

“he multiple target ocean surveillance contact correlation problem can be decoupled roughiy tnto two parts. The
first, extensaively treated in the literature, involves geolocation information only, and ts normally analyzed chrough
use of a bank of Kalman filrers. The second {s concerned with non-geolocatior attribute information. Typicatly, the
lztter inciudes all data obtained through linguistic, visual, or discrete valued numerical sources.

In this paper, a procedure is proposed which analyzes non-geolocation atcribute information and yicls a posterior
pessability distribution of target correlations. In turn, this result may; be uvrilized to compute the overall posterior
probabilitv distribution of correlations. The key factor in this procedure 1s a theorem which shous that a uniformiy
most accurate confidence set exists which is determined by a single possibality distraibution that 1s feasible to

compuie,
INTRODUCTION respect to probability cheory((10), (11)). (Future work
will address the fuzzy set approach to data sampling
The theme of the 48th MORS, "Military Operations and the Laws of Large Numbers and Central Limit Theorems)
Research Techniques for the 80's”, is being addressed fn _ Essentially, it can be shown-zrphasizing the connection
= - many differént ways chroughout the symposium. Host of : of fuzzy set modeling to vagueness of information- that
che approaches are either determiniscic or probabilistic any fuzzy set can be identified in a natural way with
in nature, reflecting the trend in current analysis, yet an equivalence class of randon sers (in general, many,
there are many problems, military and non-military, that unless the fuzzy set is an ordinary set) and chat fuzzy
can not be easily formulated in probabilistic (nor deter~ and random set operations correspond. Nevercheless,
ninistic) terms. For example, when information is gleaned many of the difficulties inherent in the probabilistic
from strictly human operator sources such as through vis- approach can be avoided by use of the well-developed
val sitings or judgments based on experience, linguistic calculus of fuzzy set operations and relations. Specific—
discriptions may be the prime data base. Such informatfon, ally, determination of joint distributions and integra-
alchough often ambigualds or vague, certainly may prove tion of functions, a necessary factor insprobabiiiscic
useful - often {n conjuntion with "harder” statiscical zodeling, is replaced by much simpler operations. (See,
information. for example, Dubois and Prade’s comprehensive text (12),
{1lustrating these procedures.) -

In the 29ch MORS, 9r. J.T. Dockery most aptly showed
how fuzzy set techniques could be used in military prob- On the other hand. it is not the intent of the above
1:”; (D. A”°“§ other g“pe': i°m°“5:'a‘i“§l:he feasibilicy exposition to claim that fuzzy set techniques should re-
of fuzzy set theory aad techniques {n a military context, 4
place probabilistic ones. Rather, it i{s that che two

) o:e may ;ncludg :h: basic w;rk ofLWatscn ec al. (2) and approaches to zodeling and manipulating uncercainties
this author (é ), Examples 2 and 4). This paper, too, may be used cozpatibly (see (13)): when numerical des-
Uit;edzzic::;e :"ggz:pe°:1:§ ; class ef nlliczry pro?lcms cripeions are available wich well defined probability
- a » GUiLiple Sensor contact correla= distributions present, use a probabilistic approach;
tion problens - through the use of fuzzy set theory. when linguistic descriptions or other vague information

is present, use a fuzzy set - or, to establish an anala-
The tneory of fuzzy sets {s relatively new, being _

fornulated fully for the first tize by Zadeh in 1965 (4). gous terminology - possibiliscic approach.
(For earlier attempts, see for example, the interesting
work (1937) of Shirai (5) and (independently) Black (6); Aithough an elementary treatment of possibility
Sheppard's psychological quantificatfons (7); Watanabe's theory and techniques will noc be given here (sece, for
concributions (aimed toward quantum mechanics)(8); and example, (12) or (14)), one basic property contrasting
Klaua's work based on many-valued set theory (9).) At with probability theory must be presented. In probabil=-
present, much work has been done juscifying rigorously ity theory, the well-known concept of a probability dis-
the important role that fuzzy set theory plays with tribution plays a key role. In possibilicy cheory. the
PROCEEDINGS 48th MORS 101 DECEMBER 1981
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possibility distribution plays a key vole. In the latter,
equivalently described by a fuzzy set membership funccion
generalizing the concept of the menmbership or character-
istic function of an ordinary set (by allowing values
that may often be neither zero nor one, but i{ntermediate),
the sum (or integral, if appropriate) of cthe possible
values need not add up to one - as opposed to the sum of
values described by a probability distribution. This
concept will be clarified further through the procedure
developed later in the paper.

Consider now the general contact correlacion problem.
This military problem has had a long history, beginning
with the early formulations of Sittler (1964)(15) and
Wax (1955)(16) down through the present. In 1979, well
over 300 papers were gathered at the Naval Research Lab-
oratory as part of the Naval Ocean-Surveillance Corre-
lation Handbook Project. (See (17) for a compendiug,
overview, and analysis of many of these papers {n the
correlation field. See also (18) and (19) for further
analysis of the general problem.) Basically, the problem
can be stated as a dacta particfoning one, where that
partitioning i sought whare each component represents
sensor or human source-gathered information (over some
sampling time period) partaining to the same target or
object. The information may be roughly divided into three
classes: 1, geolocation sensor-obtained. such as bearing
and range measurenments; 2, false alarm, an encompassing
tern used to denote data arising from sources which are
efither of no Interest-icebergs, neutral ships - or false
signals due to reflection and scattering, for example;
and 3, attribute informarion. Models which address the
first two types of inforpaticn dominate the correlacion
field. (Again, sce (17) for furcher details.) However,
the work of Reid (20) and Bowman (21), among others, in
attenpting to incorporate the third caregory of data
should be cited. Nevertheless, to the author's knowledge,
no approach to this problem through Possibiticy clreory ~
until now, has been undertaken. (Figure 1 illustrates a
typical correlation situacion.)
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SEARIXG LINES OF UNEYALUATED TARGEIS

SONT INFORMATION AVAILABLE DESCRISING EVALUATED
AND UREVALUATED TARGETS INCLUDES CLASSIFICATION,
SEARINGS, FREQUENCY INFORMATION AND LITERAL
COMHMENTS SUCH AS SEA STATE LEVELS. MERCHANT
SHIPPING OEXSITY, ETC.

(U)Iypical Correlacion Problea
Figure 1
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What is meant by attributes in the context of the
contact correlation problem? An example should suffice:

Target A may have assocfated with it maneuvering

characteristics, signal frequency information, and a
visual sicing indicating an frregular design. Target B
nay also have similar maneuvering characteriscics, signal
pattern, and & tentative classification. In addition,
both ctargets have been related by intelligence {nforma-
tion, although certain discrepancies appear. Finally,
Target A has been determined to have on-board three radar
sensors, while Target B is known to have "several sensor
systems operating, and appears to be heading to port™.
Should Targets A and B be correlated, tentatively cor~
related until sctatistfcal data (geolocational) is avail-
able, or should the two be ruled out for possible corre~
lation? Another example could be generated, where a mix
of scatistical and verbal descriptions are present for
both targets in question. In any case, certainly,
whercver possible, the experience of human decision
makers should also be taken into account - as well as
available automacic correlation algorithas - in order

to utjilize fully the informaction. (See figure 2.)

UNCLASSIFIED
ATTIRISUTE TYPICAL VALUE, TeicaL
OF TARGET LITERAL OR NUMERICAL CONFIDENCE
A [} a
SEARING LINE 1580 340%, for 953
CLASSIFICATION PROBABLY TYPE 4, BuT
COULD BE TYPE 3,0R,LESS HEDIUH
LIRELY, TYPE §
RANGE LIMITATION - -l 11000 MiLES 953 LEVEL
FUNOAMENTAL STRENGTH 24198 12 108z for 503
STGNAL STREGTH HEDIUN HiGK
SIGHAL STABILISY UNSTABLE-WAYY H1Gd
OBSERVED SOME HEDIUN
HANEUYERING
OBSERYED HARNONICS A7, 424 - Lov

(U)Example of Attributes
Figute 2

Folloving simplifying assusptions concerning the

statistical dependencies of the relevant variables and
the accuracy of the overall modeling (which =ay change

drastically over a sufficient period of time), the
foilowing theorem concisely shows the role that attribute

probabilities play:

Theorea Structural decomposition of correlation problesm.
Let Q=(Q,,Qf) denote any partitioning of data

22(24,24,2¢) up to time ¢y . vhere the subscript £ indi-
cates false alare, g indicates geolocational, a indicates
attributes, and + denotes the collection of all cozpo-
nents of Q which correspond to targets of interest. Then
assuzing statistical dependencies only occurring in the
conditional forms remaining,

p(Q12) = p(Zg12,,Q)-p(2¢l Q) -p(QIZY /P22 ). (D

DECEMBER 1981
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(The-proof of the theorea follows direccly from the prop-
erties of condicfonal probabilities.)
- n

See (17) and (18) for background and related results.
Note that the theorem states that the posterior probab-
flicy -distribucion of che daca partitionings depends
direccly on the posterfor discriburion of the data par-
ticionings given the attributes. The first factor in
eq. (1) corresponds to the Kalman filter innovations
(under the standard assuzptions of Gauss-Markov linear
target state relations and measurements), while the
second factor may be obtained in several different ways,
according to the model assuzed for the dispersion and
occurence of false alarms. The divisor f{s a function of
Z only and not of Q. Hence, this term plays no role when
optizmun Q is sought, f.e. that value of Q@ - subject o
feasible search constraints - which maximizes the pos-
cerior probabilicy p(QiZ). Finally, it should be noted
that the above theorem is concerned solely with probab-
ilities, not possibilities. However, the remainder of
this paper will be devoted to showing hov possibilities
(and fuzzy set theory) can be used to obtain the desired
probabilities.

The main goal of this paper can now be stated: To
show that there exists a feasible and mathematically
justifiable procedure for obtaining the posterior possi-
bilicy distribution of Q given 2, , and in turn using
this expression to generate a naturally corresponding
evaluation for p(QIZ,), which from eq. (1) may be used
in determining cthe overall value of p(QlZ).

BASIC MODEL -

The procedure for cbtaining the posterior possibilicy
discribution of dacta partitionings given the relevanc
attribute information, can be conveniently divided into
eight steps. - -

I. A taxonozy of attribu e relactions is developed us-
ing heuristic or statistical procedures. (Sec for
exazple, the approach of Nowakowska (22). The goal here
is che definition of a set of relacively independent
critical attributes for the correlation problem af hand.
For exazple, this list could include Ay= degree of
observed maneuvering, signal frequency character-
istics (this could be furcher subdived), Ay= bearing
Inforzacion, As= classiffcation (although this actribute
may depend to a larBe degree on core primary ones),

AS' nucber of sensor systems on-board, Ag= targec fdenc~
1f4cation number, Ay= visual characteristics (again, sub-
ivision into more specific categories is core ceaning-
ful). Call the final set of primary attributes

{AI)AZ"' vAﬁ}_

II. The dozmain of possible values or confusables that
each attribute can assuze {s determined. In order to

accomplish this and related tasks, a panel of experts
cust be available for querying. The objective in this

phase {s the modeling of the posterfor atcribute possi-
bilicty distributions given typically by

¢("j‘zj) Dy — o1} ’ (2)

j = 1,..,M, vhere each Ag is an artribute, Zy¢ Dj is

arbitrary vepresenting any potentfal observed (data)
value of Ay , Dy befng the domain or set of all possible

values of As, ysually ceasured in some convenient dizen-
sfonal units. (Se€ figure 3.)
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(U)Example 1 of a Posterior Possibilicy
Distribucion for an Artribute
Figure 3

III. Consider now tae set of experts vy,¥,,... Each
expert is asked the follouing question:

“What is the possibility that given you have observed
data Zj as a value for ateribute 4§, chat, say, Vy is the

actual (or equivalently, a confusable) vilue for
accribute A§2"

Each value V4§ is then moved around freely in dozain
Dy» and in turn, che 2§ 's are zoved abouc in Dy, for
each j, j=1.2,..,M. As a check, vhen Vj'zj- the rosponse
possibility should be unity or mearly so. Thus, sy=bol-
fcally (V,) represeats the possibility
¢("‘j]zj.7;;) 3 s

that V4 has accribute Aj, given Zj is observed by expert

Yy . 3ayes’ theorea (see phase VI) {n a fuzzy context
could have been used here, but would entail prior discri-

butional assunptions as well as additional calculacions.
lastead, the posterior possibility distributions are

obtained divectly. (See also figure 4.)

\
UNCLASSIFIED
& Nt 2
i T " PROBMRY TTPE 4
- UT COULD SE
TYPE 3 O LESS
¢T - LtReLy, TIPE S.
o 1 1 1

Type 1 Typs 2 Type -) Type ‘4 Type S Type &
CLASSIFICATION ——s

®  fxannt 3
1 SONE NANEUVERING
{F6% STRAIGHT LIxE
T GIMENSIONAL
Py T XOTION)
2-K/9) 3 4 $

CO00NESS-OF-FIT Y3,
KOAMALIZED OVER HOLOING TINE ——3

(U)Examples 2 and 3 of Posterior Posibility
Discributions for Attributes
Figure &
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IV. A siaple calculacion shows that if s, is the
nusber of elements in domain D, then (sj)2 Zaleulacions

are required in step LIL for each corresponding poster-—

for possibility discribution. One way of avotding all of
these_calculations {s t& use - where appropriate, of
course, such as for attributes Ay and A3 {n che example
in step I - 2 translation parameter family of functions.
Thus. some of the possibility distributions obtained in
I{I =ay be put in the form

Cagh 2.y 9 - Pas] v V5.
V. The next step in the procedure is the determinacion

of the set of relevant rules used in the decisfon pro«
cedure by the experts vhen correlation is to be carried

out based on the available fnformation. More specifi-
cally, the rules considered here are of the form

"if attributes Ajl and Ajz and.. or A; or Ai or..

and ... or ... etc. are present at actual values zj ,

ij..., Z‘l' Zy,,---, respectively, then correlations

2
or equivalencly data partitionings Q, Q;,.-. are poss-

ble with Qp being most likely, Q2 less likely, etc.”

In teras of acttributes or fuzzy sets the above ex-
pression may be stated as

- ()
Bom (8 WO on Gpn=ay.

vhere the arrow indicates fuzzy set implication. Reducing

the izplication o more primative fuzzy Set operations
and enploying fuzzy set mezbership function notaticn,

one obtains

¥,.00% ¢ (1= ¢ (¢ Sas (I,
ési( Q) Yol kséski (;o‘rgik( A5 G500 ¢B£(Q+))

-3

vhere ¢ is a large vector consisting of all the V;'s and
8; is some a::ri%u:c delineating the possibilicy

discribution of the correlations.

- — -

HMany of these implication(or modus ponens) rules,
before being put into the forms given in eq.(4) or above,

are typically otcuined fro= the panel of experts in an
observed data-decision operational framework, as the fol-

lowing exazples showr

1. 1If targets A and B are such that their (observed)
signal characteristics catch reasonably well (this can
be made more specific), then they probably correlate.

2. 1If cargets A and B are such that when updated,

their regions of uncertainty reasonably overlap (again,
this can be nore specifically quancified), then they are
candidaces for correlating.

3. If targets A and B =atch on certain characcer-
istics but not oc others, then correlating may or way
not occur. (In practise, this rule would be replaced
by a nuzber of rules containing various combinations of
catching acteribuces and various conclusions as to the
possible correlacion levels.)

4. If targecs A and 8 are such that their positions
natch up to soze gating level € and their visual forms
appear to =atch up to soze gating level D {as for ex-
azple by comparing their lengchs, shapes, markings,
etc.), then they =ost likely corrclate.

PROCEEDINGS 48th MORS
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Other rules may take into account geographical
barriers or physical conscraines.

Care nust be taken here in the modeling of cach im-
plication {(or eodus ponens) rule Eg chat the i=mplication
is based on an ideal sftuation., i.e., no error is assuzed
for the observation of cthe attribute values; errors are
accounted for separately (and then combined optirally
with the rules in step VIII). Although the codel can
handle match-no match sf{tuvations in a non-trivial manner,
analagous to the testing of hypotheses in 3 probabil-
istic-sgatistical situation, =ore flexibility is
achieved when the =match-no matgh sitvations are replaced
by fuzzy gates (analagous to the introduction of randoz~

ness for the paraseters {nvolved in the testing of hypo-
theses analogy).

A brief coxzent on the operators (bA andx;"l,r is approp-
riate here. These fuzzy set operators represent 'and’
and ‘'or', respectively. (lIncidently, 'not’ s repre-
sentced by the operation 1-(.), throughout, but will not”
be explicitly used.) In the {nitfal perfod of fuzzy set
theory (circa 1965-1975), these operations were usually
interpreted as zin and max, respectively. However, wore
recently, it has been shoun £roz both an empirical view-
point and theoretical considerations that these opera-
tors should have 2 =ore flexible interpretatfon. One
class of such interpretactions (theoreticaily juscified)
consists of the triangular or t-norms and conorms. Thus
the functions prod and probsuz as well as zany others
23y vell be used in evaluating these operations. (See
Zizzermana (23) for empirical studies and Klement (24)
and Goodman (1!) for theoretical work {n this area.)
Throughout this paper we do not specifically evaluate
the 'and' and 'or' operations. Work is currencly being
carried out to determine vhich evaluations are cost
appropriate for the ocean surveillance correlation prob-
lea and 2 future paper by the author will discuss this.
(See RESEARCH ISSUES.)- -

Analagous co the situatfon in step III, each rule is
actually obtained froa the panel of experts and thus cay
vatry somevhat from individual to individual. Thus, in-
icially, equacion (5) should be =odified co reflect yy
as is the case in equation (3).

VI. In steps III and V, che possibility distributions
for the attributes and the rules dependspn-each expert's
interpretaticn. A procedure is requir@d which will
average out chesze variations,yer retaln all of the in-
forcation. Two oprtions are available. _The first eo-
ploys a probabilistic approach. Each expert’'s response
to a particular attribute or rule is veighted and the
corresponding possibility distributions are suzmed
poiatwise. The convergence of this expression to the
"true' value can be Justified by appealing to the Law
of Large Husbers. (See Goodman (25),Theores 2.2) for a
=ore thorough discussfon and results.} The second
option in cogbining the possibility distributions is
to use a fuzzy set-zultiple valued truth theory approach,
In this approach, each response by =0 expert {s con-
sidered a conditfonal one and corresponds to a condi-
tional fuzzy set (hence, the notation in eq. (3), for
exacple) relacive to the (ncerpretation of the operators
d% andyy . . By developing a general theory for such
conditional fuzzy sets, and, in turn, deriving an ex-
tended fuzzy set Bayes'theores=, a fuzzy secr form of the
Lav of Large Nuzbers and Central Liz{t Theorem can be
otained. (Again, see {25),Theorems 2.1 and 2.2) as
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well as (11), section 3). In particular, non-trivia}
results may be derived for thé interpretation g, Woo)
» (prod,probsuz), but ironfcally, not for (=in.max)!

As a consequence of the above discussion, from now
on, the individual expert variation response will be
o=icced.

VIL. The heart of the procedure utilizing attribute
inforzacion {s based on a deductive logic theores first
exhibited in a more narvow form {n (3), aand then extead-

ed to a very general seccing in (25), Theorem 2.3 .

Theoréz Uniformly most_accurate confidenc: sets.

Tet C= {Cj ] j=1,...a} be any collaction of fuzzy sub-
secs of soze fixed base space X. Thus, $¢, : X = (0,1,
§=1,2,...,2 , are the corresponding possibilicy distri-
bution functions. Let Ln = the set of ail 1 by = row
vectors a = (aj...,a;), where each a; is such chac
0< a;€l. Lec g be any function where g:lm « (0,1} &s
such that g {s non-decreasing, l.e., if J’ =(a%,....a%)

5 @'=(d%,...,35) thac is, 3§ < 3%, for all {), then
g(a’) < g(s")
Define the fuzzy subset of X, G(C,g) by the possi-

bilicy distribuzion fuaccion (¢, 5) -[0,1] , where
for any %X, ’

(6)

Next, for any acln, define the ordinary subsec of X

(e, ) = 3(Ge (9, -t () -

H(C,a) = {¥ ] s (0) 2 3y, weX, for all 3}, (D
and for any fuzzy subset A of X and real nusber u,
0 £u £ 1, define the ordinary subsec of X
KAL) = L8] () 2w, Yex) - (8). -

Then:

(i) H(C.3) € K(C(C,g).g(a)), for all C,a as above.
{i1) If A is any fuzzy subset of X sush that
H(C,a) & K(A,g(a}), for 3ll 3 as above,then
necessarily
K(G(C.g).s(a)) <€

before. -~

K(A,z(a)), for all C,a as

(For a proof, see (25).) .
Thus, K(G(C,g).g(a)) can be considered to be the
‘eightest’ (ordinary) g(a)-level confidence subser of X
coataining hvpotheses set H(C,3), sizultanecusly for all
aclz . Exasples of function g {a the theorez include:

any weighted average, prod, sin, cax, and =any other
functions, Including all t-norm=s. Indeed, {I can de
shown that {f g is chosen tec be the t-norm used for the
{nterpretacion of the 'and’ operator ¢,. then the con-
fidence set K(G(C.g).g(3)) also represents the fuzzy
set interpretacion of the entire hypotheses set H(C.a3).
On the other hand, use of the weighted average leads to
core stable values for the confidence g{a) than, for
exasple, use of the t-nora min (vhich can be lovered
drastically by zerely one s=all conffdence value).

Corollary
With the saze assu=ptions in the above theorez, zil
results carry over with the abvious sodificatfons when
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G(C.g) is replaced by any proj{G(C,g)). that is iny

(fuzzy set) projection into any subspace of X.

{Proof: Follows easily from the theorem, again, see (25))
[

VIII. The theoren in step VII &s applied to the situ-
ation ac hand: Specific rules are selected as appropriate
and accribute data is observed. Thus

(1) Z§ 1s obrerved with soze confidence oy « where
any confusable actribute value V; for A, {in “do=ain Dj)

satisfies the confidence relaction

¢(Ajlzj)(vj) 2 °j R 1.0 TS (%)
using che =zodeling fro= step LII.

(£4) Rule E; is selected, for say, i=i,...%. Each
such rule is assigned soze confidence level so that the
arguzents V and Q, joincly satisfy che relation
i=l,.. N

%gs (V.00 2 3 . (10)

(£48) If any rules or attribute data is inftially
described in terms of randoz confidence sets - which
are usually in 3 conditfonal parazecer form-a procedure
exists for first replacing these confidence sets by
those not in conditional for= and then coaverting to
possibilistic forms. (See (13), Appendix A and eq.{2.t))

(iv) In the theorez, replace each C; by an (A41Z,) or
Eg, whichever are appropriate, and sl:harly Tepiac
each ag by either sy or 51 .

(v) Choose for g soze convenlent function such as an
averaging one, =in, or prod. The appropriate choice for
g can be deterzined, for exaszple. by the choice of t~
norz for the 'and' operation. Although weighted averag-
ing does mot yleld a t-norz, it is also a natural way to
obtain a single figure-of-zerit confidence level fras
the given ones ({.e., the ay’s and 8,"s), from a statis-
tical viev point. _(See the resarks following the
theore= in step VII.)

(vi) Use the corollary following the theore= in step
ViI, vhere the projection operation is into the space 2
of all possible correlations (or data partitionings)

Qs , elisinating finally the ‘nuisance’ vector dozain
correspond-to all possigle values for che V,

Specifically, substeps (i)-(v) above lead to the
fuzzy set G(C,3) which {5 described by possibilicy dis-
cribuzion "‘G(C g) described {n eq. {67, vhere argu=ent
w=(¥,Q;). Then proj:.(C(C.g)) here is deterzined by the
relacion -

(¢33

tprog (G(c.gn @) 7 ¥or Ligie g M-

VeV

vbs:'cl’ls the set of a1l possibie ¥'s, f.e., ¥V =

X (Dj), and éor is sose appropriateiy chosen t-conorm
=1

for the fuzzy set systes.
end of step V.)

(See the co==ents near the

The final result of the above eight steps is (via
the corollary of step VII) that K{proj 1(6((2.5)).3(!))
is the cightes: or uniforsly mo<t aceurate zlal-level
confidence subser of & containing che hypotheses set
projecction into 2, pmjz(!{(c.a)). Thus, in an opti=al
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oathenatical way, this confidence set describes the
possible values for Q,, given all of the relevant ac~
tribuce -infor=ation and rules. (The following exa=ple.
gives.a sizple geometric fllustration of the above.)
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Clearly, this procedure can be expanded direccly to
fnclude all inforzation conceraning correlation: in parti-
cular, geolocational information cam be easily incegraced
into the scheze. However, as stated at the outsetr of
this paper, since geolocactional and false alar= {aform-
ation has been treated historically from a different
viewpoint,.nazely, a-probabiliscic appreack; which aleo - -
has cany justiffcations for us., an all-encompassing
fuzzy set approach to the contact ¢ _relatfon will asr be
persued here. Future work, hovever, =iy lead at least
partially in this direccion.

DETERMINATION OF POSTERIOR POSSIBILITY AND PROSABILITY
DISTRIBULIONS Al -

HWich the deter=inacion of the oprizal confidence
set for Qp , given all atcribute data and rules, the
posterior possibilily distributfon fumction for g, can
then be determined. Clearly, by inspection of the fors
of the optizal confidence set, it follows that the de-
sired disctributfon function is given by the truncated
forz

$p(Qs) -{’Ptojq(c(c.;))(q.d- ek,
0 R %,

where ¥, » i’((proja(c(C.a)).a(a)). noting that _

U ¢ K iff ’pm,i:(G(C.s))(Q*) z gla).

Dezerzmination of the posterior probabilicy disiri-
bution tunccion corresponding to 9p can be accozplished
in two different vays.

The firsc procedure is an iz=edfate consequence of

eq. (12): Efcher {dentify directly or renormalize the
possibilicty diseribution e
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The second procedure requires addizional computa-
tions. but is base’ sa more rigorous grouads.

Recall that & is the class of all possible correla-
sions Qp . Let A(Q) denote the class of all fuzzy
schsets A of A with corresponding possibilizy diseri-
bution fuaction 4, : 2 ~ (0,11 . VNote chat &, =
proj (C(C.8)) ¢~ (A.Lec R(Q) denote the class of all
Tando= subsets of 2 . (See (13) for background.) Then
ic s known ((10),(il)) that a nu=ber of such mappings
S exist, called cholce fuactions, such that

§: F(A) ~ R () (oazo) . (13

where, for any A € F(A). S(A) ¢ R(Q) is such zhac,
for all Q. c Q ,

?Qs ¢ S(a)) = salQsy | (s,

and such that certain hosomorphic fuzzy set and taadoz
set operator relatfons hold for S and a relaced fazily
of mappings. (See (10) and (11).) Each § generates che
equivalence class of randoz sets zentioned driefly fa
the Introduction.

Two of the cost izportant chofce functions relating
fuzzy set theory and probability theory as cutiined
above are:

(1) § = 5 , vhere ¥ {s 3 rando= variadle discri-
buted unfiforsly over {0,1) , and for aay & ¢ F(Q},

Syla) = S HEUD = fou ] eatC) 2 U} (5)

and

(£1) S = T, vhere, for any & ¢ /~{2), T(A) is de-
tersined by considering the corresponding (ordinary
randos) mec=bership .f:::}c:-on J"T(i)' vhere each of the
latcer's one dizensfonal zero-one =zarginal random vari-
ables #7¢a){Q:). Q4 ¢ 2, are sll zuteally scacistically
{adependent vith

Pler(a)(Qs) = 1) = T(A)) = 5,(Q.)
{ (VR0 p(Qs ¢ 2{Qs (16

Plot(ay(Qs) = 0) = p(Qs ¢ T(a)) =  1-0,(Qy) .
Suppose nov thatr, without loss of“generaiicy,
% {Q‘P(”-----Qf-(=}} . where .
] -
D<s(a)£#,.‘°(Q+(”)<er(Q,.(2 )(,_,(;M(Qi_h))s; R {17)

{The following resuits can be modiffed {f equalicy
cceurs in places {n eq. {17).) If 5 Is any choice
funceion, there {s a naturally corresponding randes

variable U (S(A,)) over A, representing the maxizal
poszible elezent of rande= sez 3{As)} with respect to
Ky glven by

U(SIAL)} = that uvafque value of Q. l.e., sonc o9,
for Ig§4= such that mx(;ho(qq,)) .

(Qs dsuo)nm)

oteurs for Q*U) . provided that
Shod1 % 3 8, (18

DECEMBER 1981

UNCLASSIFIED




prmE ety

UNCLASSIFIED

APPLICATIONS OF POSSIBILITY THEORY TO OCEAN
SURVEILLANCE CORRELATION (U)
I. R. Goodman

and

U (S(A)) = & 5 when Sag)NKy = & . (9

it follows chat the probabfility function for
Y(S(A,)) is given by, for any §. Igjsa »

pCUGS(A)) = BN = T otstay) »a@)
Gey (20

¥ ~{®l@ck, and Wa) =P} .
Thus, the following fdencificaction may be =ade:
P(Q] 22) = p(US(AL)) = Q) . ¢33
In particular, specialization of the above resulcs

to cases (i) and {ii} for choice function S yields:
(i£i) For S = 53 ,

p(US(Ax)) = Q=) - er(Q_,,(’)) . 22)
P(US(A)) = @.U3)) = 0, 155521, (23)
P(US(RG)) = &) = 1-5,00,(=)) (24)

dv) For S =T,

P US(a)) = ¢, 3]y
=2, (1) . T= (1-5 1) 25
20 (% ".rq—.;‘u 6, (Q, (1)) , 5

for 05§33 | where i{f § = =, che product iar:-. in eq.(25)
s defined to be uaity, and 1f § = 0, Q.9 is defined
to be equal to the null s¢ &5 .

Cleatly, use of T leads to a core traccable result™
than the one point =iss result due to Sy. However, for
eficher chofce function, the resulting evaluation for
saxizal p{Q, | Z;) coincide, the desired value occurring
at 4 = Q4{=), che zosc possibie value of Q; -

Finally, tabulate the possibility diszribution
¢p(Q.) versus Q. ( by Tirst eabulacing 85(Q4) versus Qu)
for all feastble @, ¢ 2, and substituse @ these values
{nto eqs.(22)~(25), and using eg.(21), finally inzo
eq.{1}).

RESEARCH ISSUES

Throughout this paper, it has been ecphasized that
for any reasonable deter=inscion of operator palrs
(¥5.95,) » the entire procedure re=alns valid, con-
dicicnal upon the interpretation of these operators,
such 22 (ain,zax) or (prod,probsuz). Yet in order to in-
plezent the scheze, a specific evaluation s obviously
aeeded for the "and' and ‘or® operators.

It has been shovn in (11),and =entfoned briefly in
step 7 of the basic modeling,that 3 reasonable fa=ily of

fuzzy set operators (juscified by, e.g.. relations with
sultiple-valued logic and set theory-see (24}) to con-

sider {s that of pairs of t-nor=s and t-conor=s (usually
restricted to kave DeMorgan's property- sce (11)). (See

(12) and (24) for background and further properties.)
further=zore, it has been shown In (11) that a particular

subfazily of such operators yields especfally close
(hosezorphic) relations between all fuzzy ser systezs
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deternined by these operaticons and correspoading rando=
set systexs. This subfacily c¢f pairs of operations (for
‘and® and ‘'or') consists essentially of (=zin, =ax).(prod,
probsun), and all countably fnfinite nr finice convex
weighted suzs of the above operacions restricted Lo dis-
joiat regions (though somevhat restricted in fors),
which include the first two pairs as special cases. Cur-
rently, work is going on in decermining empirfically what
values the above-zenticned weights should be assigned.
(This is socewhat analagous to the work of Zi==er=ann
(23), who used a diffcrenc fazily of operators and empir-
ically estizated certain adjustable parazecers in the
fazily.)

Alrernatively, another fa=ily of operators, pos-
sessing soze (but not all) of the desirable propercices
of the first-zentioned fazily, has been showm to yield
very desirable fuzzy set snalogues of the Laws of Large
Nuzbers and Central Limit Theorem. (This fa=ily is
denoted as the Archizedfan Frankian fa=ily and is dis-
cussed in (11).) On the other hand, (=fz=, =ax) does not
vield desirable asymptotic system properties (although
{prod, probsuz) does, as an iarernal cezber of the Archi-
=edfaa Frankfan fasily), nor apparently do aay of the
vefghted s;=s previously referved to. A paper on this
topic will be forthco=ing.

Trade-offs need be established betveen utilities of
chofee of the various plausible operator pairs for
(P . %oc). before detersining a final candidate pair.

SUMMARY

An approach to the urilization of attribute iafor=a~
tion for the contact correlation proble= has been out-
lined in this paper. The novelty of the technique lies
in the use of possidilicy ctheory {n the =odeling.

The required speps in developing this techaique
vere:

{I) Establish=ent of a set of relatively prizative
ateributes.

{II) Deterainszicn of atcribute domaias

{III) Querying of 2 panel of experts e eszablish post-
erior possibilixy distribucions direccly, in
place of 3 Bayesian approach, for the attribute
values.

{IV) Reducing the calculacion load.by_use of certain
analytic codels such azx thoseof the craaslation
type. -

{¥) Deter=inition of oodus ponens rules uhich delin~
eate the possible correlatfons, by azain ques-
tloafng the available experienced personnel.

{¥1) Szoothing out of the variabilicy in zhe models ob-
tafned in steps (III) and (V) due 2o fndividual
responses. Eizher probabilistic or analagous
fuzzy ser asymptotic results are deployed.

{VII} Deoonstracion of 3 general theorez vhich shovs
that given a set of hypotheses H forzed by the
conjunction of {ndividual confidence sets (des-~
crihed by passidbilicy, or, in effect, probabilicy
distributions), a unifammly sost accurate coafi~
dence set K exists described by 2 single pozsi-
bilicy distribucion, which contains H. The latier
possibility distribution was shoun to be con-
structed by 2 sizple application of any one of 2
large class of (non-decreasing) fuactions vhich
3lso deterzine the :onfidence level for K.
Yodification of this theores for projection oper~
atisns vas displayed is the fors of 2 corollary.
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(VIII) Applicaction of the corollary givea in step (VII)
to the attridbute problez, assuz=ed Lo be in the
form of a conjunction of attribute data and
:a;;)!glablc =odus ponens rules (=odeled in ztep

(IX) Derivation of posterior possibility distribution
for the correlations given the attribute informa-
tion. In turn, the posterior probabiliey discri-
bution function for the correiations was also
cbzained by two different approaches, the firse
being relativeiy sizple, the second, requiring
sore co=putations, but derivable fros a sounder
basis (using relations betveen fuzzy and randos
sets).

Substitutfon of che results fros step (IX) into

the basic factor =odel for the overall posterior

probabilicy discributton of the correlations.

[£:3

-

Izpiezentatfion of the technique dezands 3 specific
cholce for the "and’ aad ‘or’ fuzzy set operations used

chroughout. So=e discussion was presented concerning
this proble=.

The saze procedure developed in this paper could
also be used 1n a vide variety of problezs favolving the
estization of an unknown paraceter when soze of the
available fafor=ation is given {n linguistic for=. (See
some earlier related work in (3), especfally section 3.)

Future vork will be greacly concerned with real~
world icple=entations and Dodificazions of the cechnique
presented here. The reported successful ispleszentation
of 2 nusher of furry sex-logical approaches to non-=ili~-
tary probles areas such as in medicai dfagnosis (26},
library sezrch systess (27), ané favlt analysis (28),
=27 vell serve 3s an izpetus for the treatcent of
=ilitary problems by such techaliques, as presented in
this paper.

-5 - T - - ’
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